Abstract -This paper reports on the results of a research aimed at investigating the opinions of conservation officers toward the installation of photovoltaic roof tiling systems in buildings of historic importance in England. The study aims at providing useful and new information on the possibilities and limitation of photovoltaic systems in buildings of historic importance to the operators working in the area. The research is based on the analysis of 117 surveys completed by officers working in planning departments in councils across England; including metropolitan districts, London boroughs, unitary authorities, counties and district councils. Results suggest that PV roof tiling systems currently only have a limited application as energy efficiency systems in buildings of historic importance. Consequently, they are only partially known by conservation officers. It also became evident that more succinct legislation on the installation of these systems to listed buildings would provide clearer objectives to the officers in charge of approving or rejecting applications. Lastly, it emerged that the whole system would benefit from stakeholders (such as Historic England and the UK Government) working together to provide more consistent approach when producing guidance documents.
I. INTRODUCTION
The Digest of the UK Energy Statistics, published in 2016 by the Department for Business, Energy and Industrial Strategy, reports that generated solar power amounted to just 1.17% of the UK's final energy consumption [1] . Although this is a small value compared to the power generated by other sources, in 2016 solar was the leading technology in the UK in terms of energy capacity, having increased its generation output by 38% since 2015 [1] .
It is common knowledge that there are various factors that impact the limited generation of energy from solar power. These include the reduced efficiency of related technology, high manufacturing and installations costs, and long repayment times. However, it is less well known that one of the main limitations preventing the wider adoption of photovoltaic (PV) technologies is the general perception that solar energy in the UK is not a financially viable option due to considerable overcast weather conditions [2] . This contrasts with the results of independent research that suggests that large swathes of England have the potential to produce as much solar energy as France and Spain, and that this capacity will further increase as the effects of climate change manifest [3] . These two incorrect perceptions help fuel the myth that England is not a suitable environment for mass harvesting solar energy. This contributes to the fact that England is not currently taking full advantage of solar energy's potential [4] .
Human behavior, of which the above mentioned 'perception' plays a part, is an important factor affecting the acceptance or rejection of new materials and technologies. This is not only applicable to the construction industry but also in other industries such as the technology of information.
Taking the above perceptions into account, this research investigated the opinions of conservation officers (i.e. the law enforcement officers who advise on the conservation of historic buildings) toward the installation of PV roof tiling systems in buildings of historic importance in England.
II. PHOTOVOLTAIC ROOF TILES Photovoltaic roof tiles (PVRT) are part of a group of materials known as 'building integrated photovoltaics' (BIPVs). These are solar energy systems used as construction materials to form part of the building envelope. Photovoltaic roof tiles are different from PV solar panel (SP) because, instead of being mounted to the top of an existing roof covering, the roof tiles themselves form the roof cover of the building and, at the same time, produce energy thanks to the weatherproof PV materials of which they are made [5] .
The tiles can be fixed to a traditional roof structure and are interconnected by rubber mounted channels that transfer the converted solar energy throughout the building or to a storage battery [6] .
This technology could represent a substantial opportunity for future solar energy production in England as it can be fitted to both new and existing buildings. Research [7, 8] suggests that the retrofitting of existing buildings offers the largest potential market for PV roof tiles, since the number of these buildings far exceeds the number of buildings being constructed in the near future.
III. PHOTOVOLTAIC ROOF TILES IN BUILDINGS OF HISTORIC IMPORTANCE: AN UNDEFINED PROBLEM
In evaluating the use of PV roof tiles in existing buildings and the related potential energy market, it is interesting to consider the implications of installing this technology in buildings of historic importance. As roof tiles are perishable and reversible, the installation of a PV roof tile system could potentially bring beneficial changes to a listed building.
Protected historic buildings form an important part of all existing buildings. Historic England is a public body of the British Government tasked with protecting England's historical environment by listing historic buildings, ancient monuments and advising central and local government. As per their current records, there are approximately 500,000 buildings in England [9] that are included in a special list compiled by Historic England. Adding a building to this list means making sure that its significant features are identifiable so that anyone interested or involved in works to its structure and envelope will not damage or destroy it through unsuitable actions [10] . Buildings of architectural, cultural and historic merit are preserved through being added to the list (i.e. 'listed'). To protect the asset, any feature of the building, structures attached to it or land within the curtilage, is also protected. In 2013, with the Enterprise and Regulatory Reform Act [11, Ch5, s.60-61] this broad definition of "protection" was refined enabling Historic England to categorically state what elements of a listed building are of significant or special interest. The introduction of this amendment help conservation officers to identify significantly features of buildings and inform their decision when approving or denying works to alter a listed building, including the installation of PV roof tiles.
According to English law, before any work is carried out on a listed building, it is a requirement to get 'listed building consent' under Section 16(2) of the Listed Buildings Act [12, p.11] . To obtain such consent, the building owner must submit a detailed application to the local authority in which the building is geographically located. The application must contain a description of the proposed work and of the impact that this will have on the current structure and envelope. Subsequently, the application is evaluated by a person specialized in the conservation of historic buildings (i.e. conservation officer) or another employee with similar title and expertise [10] . The officer reaches a decision by evaluating the listed building consent application against a range of information and sources. Prevalent sources include the National Planning and Policy Framework (this is the planning policy for England that provides a framework for local councils to develop their regions) [13] , the HM Government's Building Regulations Parts L1B and L2B [14, 15 respectively], Historic England and the Society for the Protection of Ancient Buildings (SPAB) guidance, as well as the personal knowledge and experience in the field.
However, these resources often provide confusing and contradictory advice. One such example is the information available in appendix A of section 12 of the NPPF [13] . The document states that the most important factors when considering listed building applications are a balance between the stature of the building; whether the proposed change impacts an architecturally significant aspect of the building; whether it would physically alter the appearance of the environment the building is set in, and if it would bring substantial benefits to the community. Although there are no specific regulations related to roofing or solar tiles, these are the parameters against which a listed building application for the installation of PV tiles would have to be measured should only the NPPF be consulted. In theory, if the roof area of a listed building was not a significant asset of a historic building, and the installation of a solar roof tile system would not cause harm to areas of significance, and it would not unsuitably alter the aesthetics of the building, there should be a good chance to achieve listed building consent. This chance would increase further if the PV tiles create a benefit to the public.
However, regarding the installation of modern technologies, Historic England advocates for a minimum intervention approach [23] . This stance would indicate that the installation of PV roof tiles would be unacceptable under any condition. Nevertheless, Historic England's governance document [17, p.43 ] states that new work or alteration on a significant building should be acceptable if: a) there is enough information provided that explains the impact of the change on the building; b) the change would not physically harm the values of the place; c) the quality of the design would add value now or regarded to be of historic value in the future; d) the changes are reversible. Historic England's governance document supports the NPPF's position but undermines the position of the same organization as expressed in its 'Principles of Repair for Historic Buildings' [23] .
The prevalence of conflicting advice, the uniqueness of listed buildings and the lack of specific standards for applications means that the conservation officer can only use their own knowledge and judgement when considering an application. Although the decision to approve or reject an application must be justified, the vagueness of the whole legal procedural framework definitely introduces a level of interpretation and subjectivity from the conservation officer. This means that different conservation officers can have substantially different opinions on the same application. This approach will have a disparate effect on the adoption of PV roof tiling in listed buildings throughout England.
In recording the impact of this kind of decision, it is important to note that there have been instances in England where conservation officers have permitted installation of PV roof tiles on listed buildings. In 2010, St Paul's Church, a Grade 1 listed building in Newton Abbot (Devon, South West of England), was granted approval to retrofit solar slates to the south facing roof of the church hall extension that was built in 1996. Although the extension roof was designed to match the existing Cornish slates on the church, the Spanish slate tiles were noticeably different and unharmonious [18] . Previous applications to retro-fit solar panels on the site had been denied due to aesthetic reasons, until solar slates were approved due to their visually sensitivity.
In another case, solar slates were fitted to the roof of a Grade 2 listed barn conversion in Little Barrow, Chester (North West of England) [19] . The conservation officers granted approval as the slates provided a good aesthetic match to other properties in the surrounding area, fitted incongruously against the existing tiles and offered a reversible energy solution that would have a minimal impact on the existing fabric of the building.
Conversely, a very similar scheme in Cambridgeshire was denied permission due to the conservation officer deciding that the exact same brand of solar tiles would be detrimental to the character and appearance of the conservation area [20] . The applicant wished to add solar tiles to a modern garage adjacent to his listed property and used the above barn project as an example to support his application [21] . Although the PV tiles attached to the listed barn were found to be aesthetically suitable and approved, the proposed PV tiles to be fixed to a modern detached garage were rejected on the grounds that they were aesthetically unsuitable.
This case clearly shows the variability in the outcome of the listed building application approval process, not just in the consent of installing PV roof tiles, but on all listed buildings applications. Decisions hinge on the knowledge, interpretation and approach to architectural conservation that the conservation officer assessing the application engages with. This research aims to provide insight into the opinion of conservation officers regarding the possibilities and limitations of installing PVRT systems in buildings of historic importance. In doing so, this contribution aims to promote more suitable uses of PVRT technology in the historic built environment, and help in the development of related technology.
IV. RESEARCH METHODOLOGY
To investigate the general opinion and approach of conservation officers to listed building applications for PV roof tiling in England and what factors might influence their decision to approve or reject an application, a survey was sent to 324 of the 353 planning departments in councils across England. These included metropolitan districts, London boroughs, unitary authorities, county and district councils. This strategy was chosen to collect representative views through the random sampling of conservation officers.
The survey contained 34 questions designed to collect quantitative and qualitative data on topic such as energy efficiency, PV technology, guidance and advice, listed building approval and opinions toward architectural conservation. More specifically, the survey included questions on topic such as: 1) the importance of improving energy efficiency in listed buildings; 2) the influence that the amount of electricity produced by the PV systems has on the approval decision; 3) the perception on how solar energy compares to other sustainable technologies for energy production. The same survey also investigated other aspects such as the (4) changes in the number of applications for the installation of PV roof tiling systems over the past 5 years, (5) the difference that acquiring even a little technical information makes on the perception to install PV roof tiles, (6) the likelihood that the installation of battery pack improves the approval of applications, and (7) the main sources in information consulted in considering the installation of PV tiling systems in listed building.
Results were analyzed by, first, cross tabulating all answers, and by representing in graphs the categorical variables. Where possible, the data were cross referenced using a correlation coefficient to deduce whether there were relationships between the answers. This helped build an understanding of what factors influenced the conservation officers. The framework produced was, then, used to identify associations between two variables [22] . As the decisions taken by conservation officers can be influenced by a number of factors, the relation between these factors was explored in order to investigate possible trends and correlations between different answers. Finding associations between themes allowed interpretation of the findings in a more meaningful way.
For the qualitative data, the analysis explored the themes for both consistent and contradictory opinions, along with how frequently certain views were mentioned. This was done by coding the material into tables to look for emerging themes and identifying patterns. This framework was used to cross reference raw data in order to find cumulative meanings, and analyze them against the results of other research.
Based on the assumption that not all questionnaires would have been completed, it was calculated that 176 participants from the sample population of the 324 conservation officers would need to complete the survey to achieve a 95% accurate view. This confidence level of 5% means that if 40% of participants chose a particular answer, it is likely that 35% to 45% of the whole sample population would have chosen the same response (had everyone replied).
V. RESULTS AND DISCUSSION
Response rate of completed surveys was 36%, meaning only 117 surveys of the 324 questionnaires sent out were fully completed. This means that the results are 95% accurate with a confidence level of 7.2%. Therefore, if 40% of participants chose a specific answer, then 32.8% to 47.2% of the whole sample population would have chosen the same response had all 324 members completed the survey.
Overall, results showed that there is some inconsistency in how conservation officers perceive the importance and role of PV roof tiles in improving the energy efficiency in listed buildings. For example, whilst 73% of interviewees felt that improving energy efficiency was important (Figure 1 ), 75% stated that the amount of energy a PV tiling system would produce, would have little to no effect when considering a listed building application (Figure 2 ).
When asked for their perceptions of how solar energy compares to other sustainable technologies in improving energy efficiency, most conservation officers appeared to be not particularly knowledgeable on the subject. This was particularly obvious regarding the capacity of solar power (Figure 3) . The responses suggest that, although, in theory, conservation officers would like to improve energy efficiency in listed buildings, in practice their understanding of the technology does not translate to a positive perception of PV tiles. This was true for at least 75% of conservation officers surveyed. This could be explained by the fact that about ¾ of conservation officers in England who have taken the survey are yet to receive an application to install PV roof tiles (Figure 4) . Therefore, most of the interviewees have had no reason to research the topic before participating in the survey. Furthermore, when asked if the completion of the survey (which forced all interviewees to acquire some information on the subject) affected their perception of PV roof tiles, it emerged that even a small amount of information acquired had made a positive difference ( Figure 5 ). This suggests that it is possible that the general perception of the conservation officers to the application of PV roof tiles to listed buildings will change as the technology becomes more popular and understood. Furthermore, as technology improves, and more options become available, conservation officers may be able to find solutions better suited to listed buildings.
Results also demonstrated that, although most conservation officers are aware of PV roof tiles and their availability in the UK, there is less understanding of battery packs and their capabilities when used in conjunction with PV technologies. Further information in this area may be needed to help improve the perception of PV energy systems ( Figure 6 ). In fact, the difficulty of PV systems to generate a constant supply of power is a well-known problem, and this has had a negative effect on the perception of solar energy as a viable solution for energy production. The use of battery packs can provide a solution to this problem, but their use is still limited due to cost and limited efficiency. Despite these limitations it is clear that a lack of awareness surrounding the integration of PV systems with battery packs results in a further negative perception of the effectiveness of solar energy in England. With regard to sources of information (Figure 7 ), Historic England (116 positive answers), followed by SPAB (52 positive answers), was by far the most popular source of advice for interviewees to consult when informing their application decisions. Conservation officers also sought guidance from parts L1B (25 answers) and L2B (24 answers) of the Building Regulations, even though listed buildings are exempt from the guidelines. The NPPF obtained only 8 positive answers, whereas the Energy Saving Trust 2. Other sources obtained 11 positive answers. As discussed above, the disparate approach in these documents provides inconsistent advice and this can cause confusion and inconsistency in application decisions. A more cohesive working strategy between organizations and clearer directives from the government would lead to more uniform opinions between conservation officers and a cohesive approach across England. • Only ¼ of conservation officers received an application to install a PV roof tiling system on a listed building. This suggests that this technology currently has only a limited application to improve energy efficiency in historic buildings. The lack of applications is a significant factor contributing to the lack of knowledge about PVRT technology and the possibility of using battery pack in conjunction with it.
• Although conservation officers would like to improve energy efficiency in listed buildings, their current understanding and knowledge of this kind of technology does not translate into a positive perception of PV tiles.
Overall, it would be beneficial for the UK government to:
• Work with Historic England and the SPAB to create a set of energy saving targets specifically for listed buildings. Clearer legislation would provide conservation officers and listed building owners with objectives that would enable them to work together more efficiently. This would be beneficial in all matters related to listed building consent, not just in the consideration of PV tiling systems applications.
• Organizations providing advice such as Historic England and SPAB should take a more integrated approach when producing guidance documents. This would prevent the proliferation of conflicting and confusing information. Listed building owners and conservation officers would access similar advice when informing planning applications and there would be a more coherent approach to architectural conservation across the country.
